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© Optical communication system having an Improved protection line switching mechanism. 
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© A communication system includes a pluralty of 
stations (B1, C1). a first working line (WL11. WLIo) 
coupling adjacent stations among the plurality of 
stations, a second working line (VVL2) passing pre- 
determined stations among the plurality of stations 
without dropping therein, and a protection line (PU, 
PLo) provided In common tor the first working line 
and the second working lino, a supervisory signal 
always passing through the protection line. Each of 
the stations Includes an Internal circuit (5) for receiv- 
ing an input transmission signal from the first work- 



ing tine and sending an output transmission signal to 
the first working line. Each station also includes a 
switching portion (PSWi, PSWo) for passing the pro- 
tection fine wilhout dropping in each of the stations 
in a normal mode and for connecting the protection 
line to the internal circuit in an alarm mode so that 
the input transmission signal Is received from an 
upstream side via the protection fine instead of the 
first working line and the supervisory signal which is 
generated from the output transmission signal to- 
ward a downstream side via the protection line. 



FIG .8 
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OPTICAL COMMUNICATION SYSTEM HAVING AN IMPROVED PROTECTION UNE SWITCHING MECHA- 
NISM 



BACKGROUND OF THE INVENTION 

The present invention generally relates to an 
optical communication system, and more particu- 
larly to a mechanism for switching a protection line 
provided in such an optical communication system 
when a failure has occurred. 

There is known an optical communication sys- 
tem having optical fibers dropped in drop/insert 
stations and having optical fibers passing through 
stations without dropping them in these stations, 
Generally, such an optical communication system 
has a projection (redundant) optical fiber in order to 
provide for the occurrence of a failure. 

Referring to FIG.1, there is illustrated an optical 
communication system. The optical communication 
system in FIG.1 has a terminal station A, and a 
plurality of drop/insert stations including drop/insert 
stations 6 and C. Unes LI and L3 formed of optical 
fibers are dropped in (connected to) the drop/insert 
stations B and C. A line 12 formed of an optical 
fiber passes the drop/insert stations B and C with- 
out dropping therein. That is. the line L2 is not 
connected to the drop/insert stations 6 and C. ft is 
possible to provide a protection One for each of the 
lines LI, L2 and L3. However, this arrangement 
needs a large number of lines and is thus less 
expensive. 

For the above-mentioned reason, it Is desirable 
to provide a protection line In common for the fines 
L1 and L3 dropped in the drop/insert stations B 
and C and line L2 passing these stations without 
dropping therein. In RG.1 , a protection line includ- 
ing portions PL1 and PL2 ere provided in common 
for the lines L1, L2 andL3. 

In this case, two different arrangements of the 
protection line are available. FIG.2A shows a first 
arrangement of the protection line, and FIG.2B 
shows a second arrangement of the protection line. 
A protection One PL shown In F1G.2A passes the 
station B without dropping therein, and the protec- 
tion line PL shown in FIG. 2B Is dropped In the 
station B. The communication system shown in 
FIG.2A. the end terminal A has a protection switch 
PSW having a hybrid circuit HYB (indicated by a 
dot for the sake of simplicity). A Hne LLt of the end 
terminal A is branched into a working line WLt and 
the protection line PL A line terminating equipment 
LTE is provided between the protection line PL and 
the protection switch PSW. Similarly, a line termi- 
nating equipment LTE is provided between the 
working line WL1 and the protection switch PSW. A 
line LL2 of the end terminal A is connected to a 
working fine WL2 via a line terminal equipment 



LTE. 

As shown in FIG.2A, the protection line PL 
passes the station B without dropping therein via 
two line terminal equipments LTE and two protec- 

6 tion switches PSW of the station B. The working 
line WL2 passes the station B without dropping 
therein. The working line WL1 is dropped in the 
station B via a line terminating equipment LTE on 
the input side of the station B as well as the 

to protection switch PSW, and goes out of the station 
B via the protection switch PSW and a line termi- 
nating equipment LTE on the output side thereof. 
An internal circuit 5 is coupled to the working line 
L1, as shown in FIG. 2A. 

T5 In the optical communication system shown in 
FIG.2B, the protection One PL from the end termi- 
nal A is dropped in the drop/insert station B (the 
protection Ene PL is normally open), and the pro- 
tection line PL extending from the drop/insert sta- 

so tion B is inserted therein via a hybrid circuit HYB of 
the protection switch PSW on the output 6ide of 
the dropVfnsert station B. The internal circuit 5 is 
coupled to the working line L1, as shown in FIG.2B. 
The protection fine PL in each of the optical 

as communicafion systems shown in FIGS.2A and 2B 
is continuously supplied with a supervisory signal 
(which corresponds to some of power of a signal 
passing through the working fine WL1). Each of the 
fine terminating equipments LET in the working 

oo Gnes WLi and WL2 supervises the corresponding 
working f nes, and generates an alarm signal when 
it detects a failure in any of the working lines WL1 
and WL2. Each of the line terminating equipments 
in the protection One PL also supervises the signal 

os on the protection line PL and generates an alarm 
signal when ft does not detect the supervisory 
signal. On the other hand, each of the line terminat- 
ing equipments LTE does not generate the alarm 
signal when it detects that the supervisory signal Is 

40 continuously supplied. 

However, the two arrangements of the protec- 
tion Hne PL shown in FIGS.2A and 2B have the 
following disadvantages, which will now be de- 
scribed with reference to FIGS. 3A and 3B. As 

45 shown in FK3. 3A, when a failure shown by "x" has 
occurred in the working line WL1 of the optical 
communication system shown in F1G.2A, the pro- 
tection swftch PSW on* the Input side of the 
drop/Insert station B Is switched so that the protec- 

so tion line PL extending from the end terminal A Is 
used Instead of the working line WLI. Thereby, the 
protection switch PSW on the input side of the 
drop/insert station B is connected to the Internal 
circuit 5 thereof, and the working fine WLi Is 
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grounded. As a result, the insert/drop station B can 
continuously perform the receiving and sending 
operation. However, it becomes impossible to sup- 
ply the supervisory signal to the protection line PL 
extending from the output side of the drop/insert 5 
station B. Any drop/insert station (not shown) lo- 
cated on the downstream side of the drop/insert 
station B detects the stop of supplying the supervi- 
sory signal, and generates the alarm signal ir- 
respective of the fact that the protection line does 10 
not have any failure. This makes the maintenance 
operator confusod. 

As shown in FIG. 3B, when a failure occurs in 
the working line WL2 in the optical communication 
system shown in FIG.2B, the protection line PL re 
cannot function as a through line which passes 
each drop/insert station without dropping therein. It 
will be noted that the protection fine is coupled to 
the Internal circuit 5 of the drop/insert station B and 
extends therefrom toward the downstream side. 20 

SUMMARY OF THE INVENTION 

It is a general object of the present invention to 
provide an improved optical communication system 25 
having an improved arrangement of a protection 
fine in which the above-mentionod disadvantages 
of the conventional arrangements are eliminated. 

A more specific object of the present invention 
is to provide an optical communication system 30 
capable of definitely saving working lines having 
failures. 

The above-mentioned objects of the present 
invention aro achieved by a communication system 
comprising: a plurality of stations; a first working 35 
line coupling adjacent stations among the plurality 
of stations; a second working lino passing predeter- 
mined stations among the plurality of stations with- 
out dropping therein; and a protection line provided 
in common for the first working line and the second 40 
working line, a supervisory signal always passing 
through the protection line. Each of the stations 
comprises: internal circuit means, connected to the 
first working line, for receiving an input transmis- 
sion signal from the first working Hne and sending <s 
an output transmission signal to the first working 
line; and switching moans for passing the protec- 
tion line without dropping in each of the stations In 
a normal mode and for connecting the protection 
line to the internal circuit means In an alarm mode so 
so that the Input transmission signal is received 
from an upstream side via the protection line In- 
stead of the first working line and the supervisory 
signal which is generated from the output transmis- 
sion signal toward a downstream side via the pro- 55 
tection line. 

The aforementioned objects of the present In- 
vention are also achieved by configuring each of 



the above stations so that each of the stations 
comprises: internal circuit means, connected to the 
first working One, for receiving an input transmis- 
sion signal from the first working line and sending 
an output transmission signal to the first working 
line; and switching means for connecting the pro- 
tection line to the internal circuit means in a normal 
mode so that the supervisory signal from an up- 
stream side is dropped in each of the stations and 
for passing the protection line toward a down- 
stream side without dropping therein in an alarm 
mode so that the protection line functions as the 
second working line. 

BRIEF DESCRIPTION OF THE DRAWINGS 



The above-mentioned objects of the present 
invention wiD become more apparent from the fol- 
lowing detailed description when read in conjunc- 
tion with the accompanying drawings, in which: 
FIG.1 is a block diagram of a conventional op- 
tical communication system; 
FIGS.2A and 2B are block diagrams illustrating 
two conventional arrangements of protection 
lines; 

FIGS.3A and 3B are block diagrams for respec- 
tively illustrating how the communication sys- 
tems shown in F1GS.2A and 2B operate when 
failures have occurred; 

FIG.4 Is a block diagram of a drop/insert station 
according to a first preferred embodiment of the 
present invention; 

FIG.5 is a circuit diagram of a hybrid circuit 
shown in FIG. 4; 

FIG.6 is a flowchart of a procedure executed by 
a protection switch controller shown In FIG.4; 
FIG.7 is a block diagram of a drop/insert station 
according to a second preferred embodiment of 
the present invention; 

FIG.8 is a block diagram of a drop/Insert station 
according to a third prelerred embodiment of 
the present invention; 

F1G.9 is a block diagram of an alternative ar- 
rangement for controlling switches provided in 
each droprtnsert station; 

FIG. 10A Is a diagram illustrating a modification 
of the first and third embodiments of the present 
invention; and 

FIG. 10B is a diagram illustrating a modification 
of the second embodiment of the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED EMBO DI- 
MENTS 

A description will now be given of a first pre- 
ferred embodiment of the present invention with 
reference to RG.4. FIG.4 illustrates a drop/insert 
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station provided in an optical communication sys- 
tem. The drop/insert station shown in FIG. 4 has fine 
terminating equipments LTE respectively coupling 
to a protection line PU and a working line WL1i 
extending from a drop/insert station or an end 
terminal located on the upstream side of the 
drop/insert station shown In FIG. 4. The drop/insert 
station in FIG.4 has a proteclion switch PSWi on 
the Input side thereof, and a protection switch 
PSWo cn the output side thereof. The protection 
switch PSWi has a switch S1. Each of the ine 
terminating equipments LTE on the input side su- 
pervises the state of the corresponding working 
line, and outputs an alarm signal when a failure has 
occurred in the corresponding working fine. The 
drop/insert station has a protection switch PSWo 
on the output side thereof. The protection switch 
PSWo has a switch S2 and a hybrid circuit HYB. 

FIG.5 Is a circuit diagram of an example of the 
hybrid circuit HYB of the protection switch PSWo. 
The hybrid circuit HYB couples the internal circuit 
5 to two line terminating equipments LTE respec- 
tively provided for a protection line PLo and a 
working Bne WL1o. Each of the line terminating 
equipments LTE supervises the corresponding line 
and determines whether or not a failure has oc- 
curred therein. When a failure is detected, each of 
the line terminating equipments LTE outputs an 
alarm signal to a protection switch controller (PSW 
CNT) 10. The protection switch controller 10 con- 
trols the protecfion switches PSWi and PSWo on 
the basis of the alarm signal generated by any of 
the line terminating equipments LTE. 

The switch S1 of the protection switch PSWi 
has a movable contact d, and two stationary con- 
tacts c2 and c3. Similarly, the switch S2 of the 
protection switch PSWo has the movable contact 
d, and two stationary contacts c2 and c3. The 
contact d of the switch S1 is connected to an 
output of the line terminating equipment LTE In the 
protection line PLi. The contact c2 of the switch Si 
is connected to the contact c2 of the switch S2. 
The contact c3 of the switch 81 is connected to an 
input terminal of the Internal circuit 5 as well as an 
output terminal of the line terminating equipment 
LTE which terminates the working line WL1L The 
contact c3 of the switch S2 is connected to the 
hybrid circuit HYB. The output side of the hybrid 
circuit HYB Is connected to en output terminal of 
the internal circuit 5. 

When a failure has occurred in the working line 
WLH, the line terminating equipment LTE related 
thereto detects the occurrence of this failure, and 
outputs the alarm signal to the protection switch 
controller 10 (alarm mode). In response to the 
alarm signal, the protection switch controller 10 
controls the switches SI and S2, as illustrated by 
the solid lines. That is, the switch SI is controlled 



so that the contact cl Is connected to the contact 
c3, and the switch S2 Is controlled so that the 
contact d is connected to the contact c3. The 
protection line PLi is dropped In the drop/insert 

6 station (internal circuit 5) via the switch S1 . That is, 
the protection line PU Is used instead of the work-' 
inc line WL1i. On the other hand, some of the 
power of a signal generated by the Internal circuit 5 
(supervisory signal) Is supplied to the protection 

io line PLo via the hybrid circuit HYB and the switch 
S2 of the protection switch PSWo as well as the 
line terminating equipment LTE As a result, current 
(supervisory signal) continuously passes through 
the protection fine PLo, and thus each drop/insert 

is station on the downstream side of the drop/insert 
station shown in F1G.4 does not generate the alarm 
signal. On the other hand, when the working lines 
WLti and WLIo work normally (normal mode), the 
protection switch controller 10 controls the switches 

20 S1 and S2 t as shown by broken lines. That Is, the 
switches S1 and S2 operate so that the line termi- 
nating equipment LTE in the protection line PU is 
connected to the Gne terminating equipment LTE In 
the protection Tine PLo. That te, the protection line 

25 passes through the station in F1G.4 without drop- 
ping therein. It should be noted that It Is necessary 
to always pass the supervisory signal (some of the 
power of the signal passing through the working 
Bne) through the protection fine in order to ensure 

30 that the protection line is normally working. The 
operation of the switches shown by the broken 
ines is also realized when a failure has occurred In 
a through working line (not shown for the same of 
simplicity) such as the aforementioned working Gne 

35 WL2. 

If a failure has occurred in the protection Gne 
WLIo, the protection switdi controller 10 controls 
only the switch S2 so that the contact c1 and c3 
are connected to each other. In this case, the 

40 switch SI continuously connects the contacts d 
and c3 to each other. 

It will be apparent that the protection switch 
controller 10 is formed of. for example, a logic 
circuit or a simple processor. FIG. 6 is a flowchart 

45 Illustrating a program of a processor which func- 
tions as the protection switch controller 10. The 
program in FIG.6 is always carried out repeatedly. 
At step 101. the protection switch controller 10 
determines whether or not the alarm signal has 

so been generated by the line terminating equipment 
LTE of the working Gne WL1I. When the result at 
step 101 is YES, at step 102, the protection switch 
controller 10 controls the switches S1 and S2 In the 
above-mentioned way. Then, the procedure ends. 

55 On the other hand, when the result at step 101 is 
NO. at step 103. the protection switch controller 10 
determines whether or not the alarm signal has 
been generated by the line terminating equipment 
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LTE When the result is NO, the procedure ends. 
On the other hand, when the result at step 103 is 
YES, the protection switch controller 10 controls 
the switch S2 in the aforementioned way. Then, the 
procedure ends. Steps 101 and 103 are carried out 
lor each working line. 

A description will now be given of a second 
preferred embodiment of the present invention with 
reference to RG.7. in which those parts which 
those parts which are the same as those shown in 
F1G.4 are given the same reference numerals. The 
protection switch PSWi on the input side of the 
drop/insert station in RG.7 has a hybrid circuit H 
and a switch S3 instead of the switch S1 shown in 
FIG.4. The hybrid circuit H has an arrangement as 
shown in F1G.5. A two-wire input side of the hybrid 
circuit H is connected to the line terminating equip- 
ment LTE In the protection line PU. One two-wire 
input side of the hybrid circuit H is connected to a 
first contact of the switch S3, and the other two- 
wire input side thereof is connected to the contact 
c2 of the switch S2. A second contact of the switch 
S3 is connected to the internal circuit 5. 

When the alarm signal has been output by the 
line terminating equipment LTE which terminates 
the working line WL11, the protection switch con- 
troller 10 controls the switch S3 so that the hybrid 
circuit H is connected to "the internal circuit 5 via 
the switch S3, and controls the switch S2 so that 
the contacts d and c3 are connected to each 
other. In this case, the switch S2 may continuously 
select the contact c2, since the supervisory signal 
from the protection line PLI Is applied to the con- 
tact c2 of the switch S2 via tho hybrid circuit H of 
the protection switch PSWi. On the other hand, 
when the alarm signal has been output by the line 
terminating equipment LTE in tho working line 
WL1o, tho protection switch controller 10 controls 
only the switch S2 so that the contacts c1 and c3 
thereof are connected to each other. 

When there is no failure in the working lines 
WLli and WLlo. the switch S3 is open and the 
switch S2 connects its contacts d and c2. The 
above state is also set when a failure has occurred 
in a through working line (not shown for the sake of 
simplicity). 

FIG.8 is a block diagram of a preferred third 
embodiment of the present invention. In FIG.8, 
those parts which are the same as shown in FK3.4 
are given the same reference numerals. In the 
arrangement shown in FIG.8, normally, the switch 
S1 of a drop/insert station B1 connects the con- 
tacts d and c3 ( and the switch S2 connects the 
contacts d and c3. That is, the protection line from 
the upstream side is dropped In the drop/Insert 
station Bi, and extends therefrom toward other 
stations on the downstream side. The line terminat- 
ing equipment LTE In the working line WL2 (or a 



lino terminating equipment LTE on the downstream 
side) outputs the alarm signal to the protection 
switch controller 10. 

When a failure has occurred in the working line 

5 WL2 which, passes the drop/insert station Bi with- 
out dropping therein, the line terminating equip- 
ment LTE in the working line WL2 outputc the 
alarm signal to the protection switch controlled 10. 
In response to the alarm signal, the protection 

ro switch controller 10 controls the switches S1 and 
S2 so that the switch S1 connects the contacts cl 
and c2 to each other and the switch S2 connects 
the contacts d and c2. As a result, the protection 
lino including the protection lines Pli and PLo 

is passes the station Bi without dropping therein. 

In each of tho first, second and third embodi- 
ments of the present invention, the end terminal A 
outputs the supervisory signal having a power ap- 
proximately half that of each signal in any of the 

20 working lines, and each drop/insert station outputs 
the supervisory signal having 10-20% of the power 
of each signal in any of the working lines. 

In each of the first, second and third embodi- 
ments of the present invention, it is possible to 

25 design the protection switch controllers 10 of the 
drop/insert stations so that they communicate with 
each other, as shown by the one-dot chain lines 
shown in FIGS.4. 7 and 8. For example, the protec- 
tion switch controller 10 shown In F1G.4 sends each 

so drop/insert station on its downstream and upstream 
sides a control signal which indicates the states of 
the switches SI and S2. The protection switch 
controller 10 of each drop/insert station receives 
the control signal and determines the states of its 

35 own switches S1 and S2. 

As shown In FIG. 9, it is also possible to 
provide a centralized control device 50 to which the 
protection switch controller 10 and each line termi- 
nating equipment of each station Is connected The 

40 centralized control device 50 recognizes the states 
of the switches of each station and the source of 
the alarm signal, and determines the slates of the 
switches of each station. 

It is preferable to provide the protection switch 

45 PSWI on the Input side of each drop/insert station 
shown In RGS.4 and 8 with a switch S4 shown in 
FIG. 1 0A The switch S4 h> provided for the purpose 
of grounding the line in which a failure has oc- 
curred. The switch S4 has a movable contact c1 

so and two stationary contacts c2 and c3. The contact 
d of the switch S4 Is connected to the working 
line WL1I. The contact c2 of the switch S4 is 
connected to the contact c3 of the switch S1 as 
well as the internal circuit 5. The contact c3 of the 

55 switch S4 is grounded. When the protection switch 
controller 10 receives the alarm signal generated 
and output by the line terminating equipment LTE 
in the working line WL1i. it controls the switch S4 
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so that the contacts c1 and c3 are connected to 
each other. When no failure occurs in the working 
line WLti, me switch D4 connects the contacts d 
and c2. 

It is also preferable that the protection switch 
PSWi shown In FIG.7 be configured, as shown in 
FIG. 10B. The protection switch PSWi has a switch 
S3 1 having the function of the switch S3 (RG.7) and 
the switch S4. The switch S3' has a movable 
contact d and two stationary contacts c2 and c3. 
The contact c1 of the switch S3' is connected to 
the output side of the hybrid circuit H, and the 
contact c3 thereof is grounded The contact c2 of 
the switch S3' is connected to the contact c2 of the 
switch S4 end the internal circuit 5. 

Normally, one of the two outputs of the hybrid 
circuit HYB is grounded via the switch S3\ and the 
switch S4 connects the working line WL1I and the 
internal circuit 5. When a failure in the working line 
WL1i is detected, the protection switch controller 
10 controls the switch S3* to connect fts contacts 
d and c2 to each other, and controls the switch S4 
so that the working line WL1i is grounded. 

In the aforementioned embodiments, signal 
transmitted on each working line is an optical mul- 
tiplexed signal having a frequency of. for example 
45MHz. Each line terminating equipment LTE mul- 
tiplexes a plurality of electrical signals to thereby 
generate an electrical multiplexed signal, and con- 
verts the electrical multiplexed signal into the op- 
tical multiplex signal. Each swrtch described above 
can be formed of a conventional switching element, 
such as a relay or a logic circuit It will be noted 
that the present invention is not limited to an op- 
tical communication system. The above-mentioned 
embodiments can bs applied to signal transmission 
In the reverse direction. 

Trie present Invention is not limited to the 
specifically disclosed embodiments, and variations 
and modifications may be made without departing 
from the 6Cope of the present invention. 

Reference signs in the claims are Intended for 
better understanding and shall not limit the scope. 

Claims 

1. A communication system comprising: 
a plurality of stations (B1 , C1); 
a first working line (WL1i, WL1o) coupling ad- 
jacent stations among said plurality of stations; 
a second working line (WL2) passing predeter- 
mined stations among said plurality of stations 
without dropping therein; and 
a protection line (PU, PLo) provided in com- 
mon for said first working line and said second 
working line, a supervisory signal always pass- 
ing through said protection line, 
characterized in that each of said stations com- 



prising: 

internal circuit means (5). connected to said 
first working line, for receiving an input trans- 
mission signal from said first working fine and 
5 sending an output transmission signal to said 

first v/orking line; and 

switching means (PSWi, PSWo) for passing 
said' protection line without dropping in each of 
said stations In a normal mode and for con- 

w necting said protection line to said internal 
circuit means in an alarm mode so that the 
input transmission signal is received from an 
upstream side via said protection line instead 
of said first working line and said supervisory 

15 signal which is generated from said output 
transmission signal toward a downstream side 
via said protection line. 

Z A communication system as claimed in claim 

20 1, characterized in that said switching means 
of each of said stations comprises: 
first switching means (PSWi) for passing said 
protection line without dropping In each of said 
stations in the normal mode and for connecting 

25 said protection Tine to said Internal circuit 
means in the alarm mode so that said input 
transmission signal is received by said internal 
circuit means via said protection line; and 
* second switching means (PSWo) for passing 

30 said protection Ene via said first switching 
means In the normal mode and for connecting 
said protection fine to said internal circuit 
means in the alarm mode so that said supervi- 
sory signal is output toward the downstream 

35 side via said protection line. 

3, A communication system as claimed in claim 

2, characterized in that ' 

said first switching means (PSWi) comprises a 
40 first switch (SI) having a first contact (cl) 

connected to said protection line, a second 

contact (c2) coupled to said second switching 

means, and a third contact (c3) connected to 

said internal circuit means; 
45 said first contact is connected to said second 

contact in the normal mode; and 

said first contact is connected to said Internal 

circuit means in the alarm mode. 

50 4. A communication system as claimed in claim 
2, characterized in that said second switching 
means (PSWo) comprises: 
a switch (S2) having a first contact (d) con- 
nected to said protection line, a second con- 

55 tact (c2) connected to said first switching 
means, and a third contact (c3) coupled to said 
internal circuit means, said first contact being 
connected to said second contact in the nor- 
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mal mode, and said first contact being con- 
nected to said third contact in the alarm mode; 
and 

coupling means (HYB) for coupling said inter- 
nal circuit means to both said first working fine 5 
and said protection line. 

5. A communication system as claimed in claim 

3, characterized in that: 

said first switching means (PSWi) comprises a io 
second switch (S4) having a first contact (c1) 
connected to said first working line, a second 
contact (c2) coupled to said internal circuit 
means, and a third contact (c3) which is 
grounded; *5 
said first contact of said second switch is con- 
nected to said second contact thereof In the 
normal mode; and 

said first contact of said second switch is con- 
nected to said third contact thereof in the 20 
alarm mode. 

6. A communication system as claimed in claim 

4, characterized in that said coupling means 
(HYB) comprises hybrid circuit means (HYB) 25 
for coupling said internal circuit means to said 

first working line end said third contact of said 
switch. 

7. A communication system as claimed 3 t char- so 
acterized by further comprising: 

failure detecting means (LTE) for detecting a 
failure which has occurred in said first working 
line; and 

control means (10), coupled to said failure de- 35 
tecting means and said first switching means, 
for controlling said first switch so that said first 
contact of said first switch is connected to said 
second contact thereof In the normal mode in 
which said failure dotecting means doss not *o 
detect said failure, and said first contact of said 
first switch is connected to said third contact 
thereof in the alarm mod© In which said failure 
detecting means has detected which has oc- 
curred in said first working line. «s 

8- A communication system as claimed 5, char- 
acterized by further comprising: 
failure detecting means (LTE) for detecting a 
failure which has occurred in said first working so 
line; and 

control means (10), coupled to said failure de- 
tecting means and said first switching means, 
for controlling said first switch so that said first 
contact of said first switch is connected to said ss 
second contact thereof in the normal mode in 
which said failure detecting means does not . 
detect said failure and said first contact of said 
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first switch is connected to said third contact 
thereof in the alarm mode in which said failure 
detecting means has detected which has oc- 
curred in said first working line and for control- 
ling said second switch so that said first con- 
tact of said second switch is connected to said 
internal circuit means in the normal mode, and 
said first contact of said second switch is con- 
nected to said third contact of said second 
switch in the alarm mode. 

9. A communication system as claimed in claim 
1 , characterized in that: 

said first switching means (PSVY1) comprises 
hybrid circuit means (H) for coupling said pro- 
tection line to said second switching means 
and said internal circuit means; and 
a first switch (S3, S3') provided between said 
hybrid circuit means and said interna! circuit 
means, and that: 

said first switch has a first contact (c1) con- 
nected to said hybrid circuit moans, and a 
second contact (c2) connected to said internal 
circuit means; 

said first contact of said first switch is open In 
the normal mode; and 

said second contact of said first switch is 
closed In the alarm mode. 

10. A communication system as claimed in claim 
0, characterized in that: 

said first switch (S3') has a third contact (c3) 
which is grounded; and 

said first contact of said first switch Is con- 
nected to said third contact thereof In said 
normal mode, so that said hybrid circuit means 
is grounded via said first switch. 

11. A communication system as claimed in claim 
9; characterized in that 

said first switching means (PSWI) comprises a 
second switch (S4) having a first contact (d) 
connected to said first working line, a second 
contact (c2) connected to said internal circuit 
means, and a third contact (c3) which Is 
grounded; 

said first contact of said second switch is con- 
nected to said second contact thereof in the 
normal mode; and 

said first contact of said second switch is con- 
nected to said third contact thereof, so that 
said first working line Is grounded via said 
second switch. 

12. A communication system as claimed in claim 
10. characterized by further comprising; 
failure detecting means (LTE) for detecting a 
failure which has occurred in said first working 
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line; and 

control means (10), coupled lo said failure de- 
tecting means end said first switching means, 
for controlling said first switch so that said first 
contact of said first switch is connected to said 
third contact thereof in the normal mode in 
which said failure delecting means does not 
detect said failure, and said first contact of said 
first switch is connected to said second con- 
tact thereof in the alarm mode in which said 
failure detecting means has detected which 
has occurred in said first working line. 

13. A communication system as claimed 11, char- 
acterized by further comprising: 

failure detecting means (LTE) for delecting a 
failure which has occurred in said first working 
line; and 

control means (10), coupled to said failure de- 
tecting means and said first switching means, 
for controlling said first switch so that said first 
contact of said first switch is connected to said 
third contact thereof in the normal mode in 
which said failure detecting means does not 
detect said failure and said first contact of said 
first switch is connected to said second con- 
tact In the alarm mode in which said failure 
detecting means has detected which has oc- 
curred "m said first working line and for control- 
ling said second switch so that said first con- 
tact of said second switch is connected to said 
second contact thereof in the normal mode, 
and said first contact of said second switch is 
connected to said third contact of said second 
switch in the alarm mode. 

14. A communication system as claimed in claim 
4, characterized by further comprising: 
failure detecting means (LTE) for detecting a 
failure which has occurred in said first working 
line: and 

control means (10), coupled to said failure de- 
tecting means and said second switching 
means, for controlling said second switch so 
that said first contact of said second switch Is 
connected to said second contact thereof in 
the normal mode in which said failure detect- 
ing means does not detect said failure and 
said first contact of said second switch is con- 
nected to said third contact thereof in the 
alarm mode in which said failure delecting 
means has detected which has occurred in 
said first working line. 

15. A communication system as claimed in claim 
9, characterized in that said second switching 
means (PSVVo) comprises: 

a switch (S2) having a first contact (d) con- 



nected to said protection line, a second con- 
tact (c2) connected to said first switching 
means, and a third contact (c3) coupled to said 
internal circuit means, said first contact being 
s connected to said second contact in the nor- 

mal mode, and said first contact being con- 
nected to said third contact In the alarm mode; 
and 

coupling means (HYB) for coupling said Inter- 

ro nal circuit means to both said first working line 
and said protection line, and that said commu- 
nication system comprises: 
failure detecting means (LTE) for detecting a 
failure which has occurred in sakJ first working 

75 line; and 

control means (10), coupled to said failure de- 
tecting means and said second switching 
means, for controlling said second switch so 
that said first contact of said second switch Is 

20 connected to said second contact thereof In 
the normal mode in which said failure detect- ' 
Ing means does not detect said failure and 
said first contact of said second switch is con- 
nected to said third contact thereof in the 

2S alarm mode in which said failure detecting 
means has detected which has occurred In 
said first working Gne. 

16. A communication system as claimed in claim 
ao 9, characterized In that said second switching 
means comprises: 

a switch (S2) having a first contact (c1) con- 
nected to said protection line, a second con- 
tact (c2) connected to said first switching 

os means, and a third contact (c3) coupled Lo said 
internal circuit means, said first contact being 
connected to said second contact in the nor- 
mal mode, and said first contact being con- 
nected to said third contact in the alarm mode; 

40 and 

coupling means (HYB) for coupling said inter- 
nal circuit means to both said first working line 
and said protection fine, and 
that said communication system comprises: 

46 failure detecting means (LTE) for detecting a 
failure which has occurred in said first working 
line; and 

control means (10), coupled to said failure de- 
tecting means and said second switching 

so means, for controlling said second switch so 
that said first contact of said second switch is 
connected to said second contact thereof in 
the normal mode in which said failure detect- 
ing means does not detect said failure and 

66 said first contact of said second switch is 
maintained so as to be connected, to said 
second contact thereof in the alarm mode in 
which said failure detecting means has de- 
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tected which has occurred in said first working 
line. 

17. A communication system as claimed in claim 
1 , characterized in that said input transmission 
signal is an optical multiplexed signal, end said 
output transmission signal is an optical mul- 
tiplexed signal. 

18. A communication system comprising: 
a pluraBty of stations <B1. B2); 

a first working line (WL1i. WL1o) connecting 
adjacent stations among said plurality of sta- 
tions; 

a second working line (WL2) passing predeter- 
mined stations among said plurality of stations 
without dropping therein; and 
a protection line (PU, PLo) provided in com- 
mon for said first working line and said second 
working One, a supervisory signal always pass- 
ing through said protection line, 
characterized in that each of said stations com- 
prising: 

internal circuit means (5). connected to said 
first working line, fa receiving an input trans- 
mission signal from said first worldng line and 
sending an output transmission signal to said 
first working One; and 

switching means (PSWi. PSWo) for connecting 
said protection line to said internal circuit 
means in a normal mode so that said supervi- 
sory signal from an upstream side fa dropped 
in each of said stations and for passing said 
protection fine toward a downstream side with- 
out dropping therein in an alarm mode so that 
said protection fine functions as said second 
working line. 

19. A communication system as claimed in claim 
18, characterized in that said switching means 
of each of said stations comprises: 

first switching means (PSWi) for passing said 
protection fine without dropping in oach of said 
stations In the alarm mode and for connecting 
said protection line to said interna) circuit 
■ means in the normal mode; and 
second switching means (PSWo) fa passing 
said protection line via said first switching 
means in the alarm mode and for connecting 
said protection line to said internal circuit 
means in the normal mode. 

20. A communication system as claimed in claim 
18, characterized in that: 

said first switching means (PSWi) comprises a 
switch (S1) having a first contact (cl) con- 
nected to said protection line, a second con- 
tact (c2) coupled to said second switching 



means, and a third contact (c3) connected to 
said internal circuit means; 
said first contact is connected to said second 
contact in the alarm mode; and 
s said first contact is connected to said internal 

circuit means in the normal mode. 

21. A communication system as claimed in claim 
19, characterized in that said second switching 

10 means (PSWo) comprises: 

a switch (82) having a first contact (d) con- 
nected to said protection line, a second con- 
tact (c2) connected to said first switching 
means, and a third contact (c3) coupled to said 

15 internal circuit means, said first contact being 
connected to said second contact in the alarm 
mode, and said first contact being connected 
to said third contact in the normal mode; and 
coupling means (HYB) tor coupling said inter- 

20 nal circuit means to both said first worldng line 
and said protection line. 

22. A communication system as claimed in daim 
21, characterized in that said coupling means 

25 (HYB) comprises hybrid circuit means (HYB) 
for coupling said internal circuit means to said 
first working lino and said third contact of said 
switch. 

oo 23. A communication system as claimed in claim 
19, characterized by further comprising: 
failure detecting means (LTE) fa detecting a 
failure which has occurred in said second 
working line; and 

as control means (10). coupled to said failure de- 
tecting means and said first switching means, 
for controlling eaid switch so that said first 
contact of said switch is connected to said 
second contact thereof in the alarm mode in 

40 which said failure detecting means does not 
detect said failure, and said first contact of said 
switch is connected to said third contact there- 
of in the normal mode in which said failure 
detecting means has detected which has oc- 

4$ curred in said first waking line. 

24. A communication system as claimed in claim 
4, further comprising: 

failure detecting means (LTE) for detecting a 
so failure which has occurred in said first working 
tine; and 

control means (10), coupled to said failure de- 
tecting means and said second switching 
means, for controlling said second switch so 
55 that said first contact of said second switch is 
connected to said second contact thereof in 
the alarm mode In which said failure detecting 
means does not detect said failure anri said 



.TAN 10 '97 17:20 



31394151 109000 PAGE . 010 



17 



EP 0 437 198 A1 



18 



first contact of said second switch is con- 
nected to said third contact thereof in the nor- 
mal mode in which said failure detecting 
means has detected which has occurred in 
said first working line. s 

25. A communication system as daimed in claim 
18. characterized in that said input transmis- 
sion signal is an optical multiplexed signal, and 
said output transmission signal Is an optical jo 
multiplexed signal. 
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